Abstract. Unbalance is one of essential problems for modern rotating machines. In this work, an improved time-varying observer is proposed to estimate the unbalance of rigid rotor during acceleration. In order to fitting different speed acceleration laws, the unbalance forces have been included in an new designed augmented states, meanwhile the state space model of rigid rotor has been also developed. The developed state space model is transformed to a canonical transformation and a new designed time-varying observer can be obtained. The estimated unbalances can be directly obtained by using this time-varying observer. This method would be very helpful for active balancing control strategy during acceleration.
Introduction
Modern rotating machines are designed highly-intelligent and highly-integration with speeds-up to achieve excellent quality and efficiency. Excessive vibration would deduced by unbalance forces which are proportional to the square of the spin speed, thus unbalance is an essential problem in rotordynamics.
Traditional off-line balancing was always taken after the system power off, which is timeconsuming and costly. In order to perform balancing scheme without interrupting the operation of the rotor system, researchers have done valuable works for speed-varying situation. Active magnetic bearings have been applied in active balancing system for the attenuation of unbalance induced responses during speed-varying stage by interpolate the influence coefficients between different speeds [1] . Mass redistribution balancers using gain scheduling strategy during acceleration have been conducted based on instantaneous influence coefficients, which are calculated from the fileted speedsynchronous response [2] . However, the non-synchronous vibration excited by the acceleration might cause difficulties if the rotor system is in high acceleration or small damping when applying the above method.
An alternative way to estimate the system unbalance by using time-varying observer for rigid rotor system during acceleration. The estimated result can be used in active balancing for rigid rotors [3] . However, this method is based on constant acceleration assumption. In order to applying this method for different speed laws such as exponential law, a new method is proposed by developed the dynamic model.
The main purpose of this paper is to improving the adaption the time-varying observer for different spin acceleration laws. An improved rigid model for different spin acceleration laws will be presented in section 2, the procedures of the time-varying observer design is given in section 3. A simulation is used to validate the performance of the proposed method. The results shown that the proposed method could fitting different speed acceleration laws.
Dynamic Model of Rigid Rotors
For many practical rotors such as spindles are usually operating below the first critical speed for accuracy and safety, moreover, flexible rotors also need to balancing in low speeds, in such conditions, four freedom rigid rotor model can be used. The rigid rotors model is shown in figure 1 .
Four freedom rigid rotor model.
As shown in figure 1 , S is the mass center of the rigid rotor,    SX Y Z is the rotor-fixed frame and OXYZ is the inertial frame, the    SX Y Z coordinate system is coincides with the OXYZ coordinate system when the rotor is at rest. The bearings are modelled as a set of linear springs and dampers in two orthogonal directions. Two unbalances in plan I and plan II are used to represent the inherent dynamic unbalance of the rotor. The motions are described by displacements G x , G y of the mass center with respect to the inertial reference, as well as the small angles  and  rotation about the X and Y axis.
The dynamic equation of motion of a rigid body can be obtained [4] (1) where Re( ) and Im( ) means the real and imaginary part of a complex number, 
Substitute equation (2) into (1) 
C and 2 C are complex numbers and defined as
The angular acceleration law of the rotational motion may be not constant, such as exponential law, in order to corporates with different kinds of speed-varying law, an complex number is introduced as 
where 
Using this modified model, the state estimation problem can be used for different speed laws. As shown in the state space model, displacement can be measured, however, the implicitly included unbalances i U cannot be measured directly. An observer will used to estimate the states from incomplete states measurements.
Time Varying Observer
The rigid dynamic system presented in the state space model as
Introduce a state estimator in the following form
where   t z is the estimated state vector, it has been proven by the Identity State Estimator Lemma, if
G B is a constant matrix with stable eigenvalues, then the system described by (11) is an asymptotic identity state estimator [5] . Then the relation of the true state z and its estimated state ẑ can be obtained
The design of asymptotic state estimators procedures are described as follows:
 Obtain a Lyapunov transformation matrix   t P by using the method stated in [5] .
BP , it has been shown in [5] that the matrix   
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 Choose distinct desired eigenvalues to design matrix F as stated in [3] , F is a constant matrix with stable eigenvalues.  Using the relation
 Hence, an asymptotic identity state estimator of the equivalent system (13) is given by
where   t z is the equivalent estimated state,   t y is the output of original system (8).
 The original estimated state is obtained by
Following the above procedures, a desired time-varying observer for the rigid rotor can be design.
The estimation error will go to zero as   t
. So the estimation of implicitly included unbalances can be obtained. figure 3 ,, which results that the estimation oscillate around its true values, however, after passing this region the estimated results also converges to the inherent unbalances quickly. Those results prove that the extended time-varying observer works well for different acceleration law, and the performance is desire for active balancing.
Conclusions
This work aims to extend the method of applying time-varying observer for unbalance estimation in order to improving the adaption for different spin acceleration law. By assuming the dynamic parameters are known and the displacements and spin speed can be measured, the unbalances are viewing as the outputs of states of the dynamic rigid rotor system, then a new time-varying observer
